Cadmium is a naturally occurring minor element, one of the metallic components in the earth's crust and oceans and present everywhere. Agricultural soils may also be enriched by cadmium which causes it's accumulation in plants and pose a potential threat to human health. Also high concentrations of cadmium in soil have detrimental effects on ecosystem as it enters the food chain. Soil samples were collected from different places near sewage disposal areas in Coimbatore where the source of cadmium is likely to be threatening the public. Twenty six samples were collected, their physiochemical properties and total cadmium content were determined. Five soil samples that showed high levels of more than 3 mg kg -1 of cadmium were identified as hotspots and their Arbuscularmycorrhizal spore count were assessed.
INTRODUCTION
T h e m o s t c o m m o n h e a v y m e t a l contaminations found in nature were Cd, Cr, Cu, Hg, Pb and Ni. Environmental pollution by these heavy metals has become extensive due to industrial activities and when they go in elevated level in the environment, they are excessively absorbed by roots and translocated to shoot, leading to impaired metabolism and reduced growth. Heavy metal contamination in soil results in decreased soil microbial activity, soil fertility and yield losses. Cadmium is released into the biosphere naturally by volcanoes, weathering of rocks as well as anthropoegenically through various urban/industrial wastes such as mining and metal refining 1 , compost application 2 and cadmium rich phosphate fertilizers 3 .
Increased concentrations of Cd in agricultural soils are known to come from human activities such as the application of phosphate fertilizer, sewage sludge, wastewater, and pesticides 4, 5, 6 , mining and smelting of metalliferous ores with high Cd content 7 .
Determination of Cd in soil is very important for evaluating its environmental impact or its risk to agricultural production and soil health. According to the FOREGS geochemical database for European soils, the level of total cadmium concentration ranges between 0.06 and 0.6 ppm. However, the estimated cadmium values are below the most limiting threshold value of 1 ppm for agricultural soils 8 . An accumulation of cadmium in soil will lead to an increase in pore water concentration and ultimately to increase in ground water and surface water concentrations.According to the Statutory Order 49/2000, the soil quality criteria forcadmium is 0.5 mg kg -1 soil
9
.
Thismeans that areas applied with waste products must not exceed 0.5 mgCd/kg dw in the plough layer. The criterion was mainly focused onsludge application. In the guidance document on waste products used foragricultural purposes, it is mentioned that the criterion value is assumednot to prevent the obtaining of sufficient areas for the use of waste products on agricultural soil 10 . The maximum target permissible level of cadmium according to the waste water quality guidelines for discharge into water bodies or water courses is less than 0.1 mg L -111 . Cadmium induced effects include oxidative stress, genotoxicity, inhibition of photosynthetic activity and inhibition of root metabolism. The possible interactions between these modes of toxicity waswell explained 12 .Chlorosis, leaf rolls and stunting are the main and easily visible symptoms of cadmium toxicity in plants. There is a growing interest in problems concerning heavy metal contamination of cultivated lands and little is known regarding metal homeostasis and tolerance at the organismic level. For that reason, it is essential to clarify those problems related to metal transport, accumulation, detoxification and tolerance, and in this sense, it would be of enormous interest to use model systems other than plants, such asSaccharomyces pombe and Saccharomyces cereviciae, as well as the molecular analysis of hyperaccumulators like Arabidopsis halleri and some of the Thlaspi species 13 .
The expected anthropogenic sources of cadmium in Coimbatore soils are more likely derived from a growing number of adverse anthropogenic sources viz., agricultural and urban runoff, garbage dumps, sewage disposals and gold making wastes.
The objectives of this research was to find out the hot spots of cadmium level in the contaminated areas of Coimbatore district, Tamil Nadu, India and explore the native microbial species viz., arbuscularmycorrhizal fungi and the plant growth promoting bacteria like Pseudomonas sp., etc. for cleaning up of contaminated sites.
MATERIAL AND METHODS

Sampling sites
Coimbatore (Tamil Nadu state, India) is located at 11.0161°N and 76.971°E. Most areas in Coimbatore have a large number of open and covered sewage channels that are connected to each other which spread around the city premises. Almost all channels carry sewage disposed in an untreated form. The sampling locations were nearer to the places where sewage water and solid wastes are dumped for years together and collected from both barren and agricultural fields (Fig. 1) . The samples were also collected from and near gold making waste disposed sewage areas (samples 20, 21 and 26) and sewage treated sludge sample (sample 7). Most of the agricultural lands where the soil samples were taken near the sewage disposal areas were cultivated with Palak greens and Amaranthus spp. as given in Table 1 .
Collection and Processing of soil samples
Twenty six soil samples were collected from the nearby areas where sewage water go across the main cityand where it has been irrigated for years in farmers fields. Soil samples were collected from 0-15 cm depth and the sampling protocol to obtain a representative sample from a particular area was followed. The samples were air dried at 25-30 0 C for 2-4 days, ground to pass a 2 mm sieve, stored and labeled in sealed plastic bottles.
Analysis of physico chemical properties of soil samples
Organic carbon in soil sample was analysed by wet chromic acid digestion 14 . Total cadmium (Cd) was analysed by acid digestion method and estimated using Atomic Absorption Spectrophotometer with graphite furnace. pH, EC and CEC, organic carbon were estimated as per the standard protocol.
Isolation and screening of AM and PGPR from collected soil samples
Plants in symbiosis with Arbuscular Mycorrhizal Fungi (AM) have the potential to take up cadmium from an enlarged soil volume and provide an attractive system to advance plant based environmental cleanup. Pseudomonas,a plant growth promoter present enormously in the rhizosphere supports the AM symbiosis and thus the combination of AM fungi andPseudomonasoffers suitable system towards the remediation of cadmium polluted soil.
ArbuscularMycorrhizal fungi as well as Pseudomonas were isolated from soils where cadmium concentration was found higher. Totally ten isolates of AM and Pseudomonas were obtained. AM isolates which were observed predominant have been selected for the study.Simultaneously Pseudomonas isolates were tested for IAA production and cadmium tolerance and the best one was selected for the further study.
RESULTS AND DISCUSSION
Observations on the physio-chemical properties showed considerable variations in different samples as specified in Table 2 . The pH of almost all samples depicted that the soils were neutral to alkaline in nature which might be responsible for the poor solubility of this heavy metal. This was primarily due to the presence of base cationsfound naturally in soils, resulting in relatively high degree of base saturation.
Importance of soil pH value for availability of heavy metals to plants was reported 15, 16 .Solubilityof heavy metals is highly pH dependent and, it increases with a decrease in soil pH. Heavy metal sorption mechanisms in soils are influenced by soil pH, and hence, soil sorption capacity will be greatly affected by any change in pH. Various reasons have been reported 17 for pH-induced changes in the immobilization of metal ions in soils. Firstly, an increase in pH in variable charge soils causes an increase in surface negative charge resulting in an increase in cation (Cd) adsorption. It was also reported 18 that CdOH + species are formed above pH 8 which have greater affinity for adsorption sites than just Cd 2+ .
The EC was found to be high (> 1.0 dSm (Fig. 2) , sample taken from a soil heap near sewage sludge and from gold making waste disposed sewage soil (n=17).. Similarly the cation exchange capacity of the sample 7 was so high (135.9 cmol (p + ) kg -1 soil) which had a high cadmium level of 3.55 mgkg -1 soil. Soils with high CECs are able to bind more cations such as Ca 2+ or K + to the exchange sites of clay and organic matter particle surfaces. A high CEC soil will also have a greater buffering capacity, increasing the ability to resist changes in pH. Soils with high amounts of clay and/ or organic matter will typically have higher CEC. The twenty six samples analysed in our study depicted a high CEC range of 20.1 to 136.0 cmol (p + ) kg -1 soil which are not significantly correlated(r= -0.0072). Butthe samples collected from agricultural and barren soils (n=22) apart from the samples 16, 20, 21 and 26 were positively correlated(r 2 = 0.629) with the cation exchange capacity (Fig. 3) .This revealed the disparate relationship between the cadmium content and the native soil parameters and it may possibly be due to the recent practices of dumping sewage or gold making waste in a particular area. The report where cadmium level was significantly correlated with soil pH, EC, and CEC with respect to depth and cadmium availability index (CDI), which decreased with an increase in soil depth 5 did not support the present investigation.
The anthropogenic sources of cadmium are related, first of all, to the influence of sewage sludge deposited at Ukkadam region in North Coimbatore and waste water released to the natural environment which may perhaps begin to pollute the ground water by leaching down of this heavy metal to the subsurface soil during irrigation and other cultivation practices. The Palak field which was irrigated nearby the soil heap near sewage disposal area exhibited high level of cadmium content which was a good example for such possibility of contamination.
Soil organic matter is able to bind heavy metals. Comparatively the organic carbon was high (18.79%) in the sewage sludge sample after treatment (sample 7). Enrichment of soil with organic matter could reduce the content of bioavailable metal species as a result of complexation of free ions of heavy metals. This process could be used for remediation to protect plants against metal pollution 16 .
The concentrations of cadmium was high (> 3.5 mg kg -1 ) in the soil samples where sewage sludge were applied in the fields. Cadmium level was not positively correlated (r = 0.2277) with the organic carbon content because the organic carbon influenced the cadmium availability in the soil only when the soil was added with an amendment that is rich in organic carbon with an efficiency of metal immobilization as reported 16 . The high organic carbon content of soil in the treated sludge (Sample 7) would have highly immobilized the cadmium level which on other hand would have shot up the soil cadmium level posing a high risk in these area that has to be taken into consideration.
Fr o m t h e c o l l e c t e d s o i l s a m p l e s a r bu s c u l a r my c o r r h i z a l f u n g a l s p o r e s and PGPRorganisms were isolated. The observations generally indicated that the number of AM spore load was low in cadmium rich soils than the soil which showed low cadmium content. This result was supported by the results obtained after application of cadmium whichshowed inhibition of the hyphal length of the arbuscular fungi Glomusmosseae and G. deserticola in vitro 19 .
Also cadmium content was high in samples due to direct sewage sludge dumping as soil heap in nearby agricultural fields (ranged from 4.5 to 8.2 mg kg -1 ) and sewage water treated sludge application (3.55 mg kg -1 ). The nearby Amaranthus field (irrigated by well water as well as direct sewage water) and Marigold field (fertilized with treated sludge) were found with increasing level of cadmium Cadmium in soils can be immobilized by increasing the soil pH through addition of liming materials 20 . Decrease in cadium uptake arise from increased Cd 2+ adsorption caused by pH, increase in negative charge, thereby decreasing its bioavailability. It is also recommended that soil pH be maintained at pH 6.5 or greater in land receiving cadmium containing soil amendments such as phosphatic fertilizers and biosolids 16 . The bioavailability of Cd could be decreased by 2-3fold with ageing which may be attributed to increased immobilization 18 .
CONCLUSION
From the above study regarding cadmium contamination in sewage disposal areas of Coimbatore, it was important to report that despite high level of cadmium content in these areas, a significant proportion of added cadmium existed in a non-bioavailable pool in the soil. Moreover the soil physio-chemical properties were effectively correlated with the cadmium content in agricultural and barren fields. It varied quite substantially among the different land use locations. Exact mechanism in availability was not investigated.In due course of years there may be chances for the movement of cadmium into subsurface layer through leaching or soil diffusion mechanisms if this practice of sewage dumping takes place near the agricultural fields. The transfer of Cd to food chain can be managed through decreasing the bioavailability of cadmium by controlling sorption reactions.
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